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CHAPTER 3 
 
 
METHODOLOGY 
  
 
3.1       Introduction 
 
This section clarifies the procedures and methods adopted in this study. All the 
characterization of analytical devices has been discussed which were used in 
comparative Rheology properties of polymers-surfactant-and Nano solid particle 
complexes. In the present work, the additive type, powder type, solution flow rate, and 
the additive concentration and its variables are investigated. Here, the variables of the 
research work are one type of solvent, one pipe diameter, five additive concentrations, 
and six different solution flow rates.So this chapter explains all experimental procedures 
undertaken as well as materials investigated in this current study. Apart from this, the 
step-by-step approach towards the realization of this, variables investigated, materials 
used, materials preparation, equipment and is reported in this chapter. In all, there are 
over 300 sets of experimental runs undertaken for each additive type with respect to 
flow rates and concentrations. However, only those samples which meet up with the 
needed standard were taken for further investigation in the pipe. Each run deals with 
one type of powder, one size of powder, one pipe diameter, one additive concentrations, 
and six solution flow rates as shown in appendix A. Polymer, surfactant, powder, and 
complexes were the four additives investigated and added to the tap water with five 
concentrations, which are 500, 700,1000,1500 and 2000 ppm respectively to water tank. 
A nano fumed -silica powder (Nano-SiO2), USA product, with an average size of 
0.007µm was also investigated in the present work. Here, the tap water was used as 
flowing fluid which can be shown in appendix C. The first set of each table was studied
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 without using these additives i.e. pure solvent. The rheological behaviour was 
examined by Transmission Electronic Microscopy TEM. Visualization technique was 
carried out at UITM. 
 
3.2     Major Frame Work of The Study  
 
 In the present study, the key apparatuses, including the experimental work and 
the outcomes were explained via well technique based on this diagram. The results of 
this frame strategy are clarified in the recommendations and conclusions for next 
studies. 
 
3.3      Materials   
 
All the materials, comprising of polymers, surfactants and Nano silica powder 
used in this experimental research were supplied by Sigma Aldrich, Malaysia. Although 
few of the materials were further purified while the remaining categories were used as 
supplied. Since most of these materials were purchased in solid form, they were further 
worked on in order to prepare the desired concentrations, and this was done with their 
gentle dissolution in double deionized water as reported in section 3.5 below. In this 
work, two types of Polymers, Surfactants and one type of solid Nano  particle are 
chosen to be introduced as drag reduction agent DRA agents. Tap water was used to 
prepare samples for Polymer-Surfactant- Nano solid particle complex. Five different 
combinations of Polymers , Surfactant and Fumed –Silica  were used to study polymer-
surfactant interaction. 
 
3.3.1  Polymers 
 
 Two polymers samples were tested in this present study. These are Polyacryl 
amide (PAM) and Carboxyl methyl cellulose (CMC) solutions were used as non ionic 
polymer which were purchased from Sigma- Aldrich company, and used without further 
purification. Two different types of polymers investigated as DR agents in the present 
work.  
 
61 
(i) Polyacryl amides (PAM) 
 
Polyacrylamide belong to a versatile family of synthetic polymers high 
infinitely, dissolvable in water and used more worldwide. It is a liquid form with 
molecular formula (-CH2CHCONH2-) and derived acryl amide subunits. They could be 
synthesized as simple crossed-linked or linear-chain structure with the use of N.N‘ 
methylenebis acryl amide. Their molecular formula is (C3H5NO)n. They form soft gel 
when hydrated as a result of their high water-absorbent nature. They are as well applied 
as thickeners or as suspending agents. They have been widely explored by many 
researchers as drag reduction agents. However, in most of these dilute aqueous solution, 
they are prone to thermal, chemical and mechanical break up. The physical properties of 
Polyacrylamide was tabulated in Appendix A. 
 
 
 
Figure 3.1. Structural formula of Polyacrylamide. 
 
(ii)     Sodium Carboxyl methyl cellulose 
 
Sodium Carboxyl methyl cellulose is an anionic polymer. Three grades of Sodium 
Carboxyl methyl cellulose CMC are available; high viscosity, medium viscosity, and 
low viscosity. Sodium Carboxyl methyl cellulose CMC is hydrophilic polymer.  It is 
soluble in water but insoluble in organic solvents . Purified sodium carboxyl methyl 
cellulose is a white or milk colour, tasteless, with a free flowing powder. It is prepared 
by the method of the reaction of ClCH2 COONa with cellulose hydroxyls. The viscosity 
of Sodium Carboxyl methyl cellulose CMC solutions increases and decreases reversibly 
with raising and lowering of temperature, but no permanent change occurs unless the 
solutions are kept at high temperature for a considerable length of time. Sodium 
